ABSTRACT Despite tremendous efforts by public health organizations in dengue-endemic countries, it has proven difÞcult to achieve effective and sustainable control of the primary dengue virus vector Aedes aegypti (L.) and to effectively disrupt dengue outbreaks. This problem has multiple root causes, including uncontrolled urbanization, increased global spread of dengue viruses, and vector and dengue control programs not being provided adequate resources. In this forum article, we give an overview of the basic elements of a vector and dengue control program and describe a continuous improvement cyclical model to systematically and incrementally improve control program performance by regular efforts to identify ineffective methods and inferior technology, and then replacing them with better performing alternatives. The Þrst step includes assessments of the overall resource allocation among vector/dengue control program activities, the efÞcacy of currently used vector control methods, and the appropriateness of technology used to support the program. We expect this will reveal that 1) some currently used vector control methods are not effective, 2) resource allocations often are skewed toward reactive vector control measures, and 3) proactive approaches commonly are underfunded and therefore poorly executed. Next steps are to conceptualize desired changes to vector control methods or technologies used and then to operationally determine in pilot studies whether these changes are likely to improve control program performance. This should be followed by a shift in resource allocation to replace ineffective methods and inferior technology with more effective and operationally tested alternatives. The cyclical and self-improving nature of the continuous improvement model will produce locally appropriate management strategies that continually are adapted to counter changes in vector population or dengue virus transmission dynamics. We discuss promising proactive vector control approaches and the continued need for the vector and dengue control community to incorporate emerging technologies and to partner with academia, business and the community-at-large to identify new solutions that reduce dengue.
Introduction to Aedes aegypti and Dengue
The yellow fever mosquito, Aedes aegypti (L.) is a vector of yellow fever, chikungunya, and dengue viruses (Gratz 1999 , Gubler 2002 , Barrett and Higgs 2007 , Halstead 2008 . Dengue is caused by four related, but antigenically distinct, viruses (DENV-1, DENV-2, DENV-3, and DENV-4) in the family Flaviviridae, genus Flavivirus (Holmes and Twiddy 2003) . It is presently the most important mosquito-borne viral disease in tropical and subtropical areas of the world. More than 50 million cases of dengue fever and approximately half a million cases of the more severe dengue hemorrhagic fever are estimated to occur each year (Gubler 2004 , WHO 2007 . Outcomes of DENV infection range from asymptomatic to mild or moderate disease (dengue fever) to severe, life-threatening illness (dengue hemorrhagic fever and dengue shock syndrome) (Gubler 1988 , George and Lum 1997 , Guzman and Kouri 2002 . Because asymptomatic infections are common, serosurveys that include a cross-section of the entire population (e.g., in strategically selected sentinel communities) are needed to determine prevalence of DENV infection.
DENV is maintained in a mosquitoÐ human cycle. The principle vector is Ae. aegypti but occasionally other Aedes mosquitoes, including Aedes albopictus Skuse, are involved (Rodhain and Rosen 1997, Halstead 2008) . Ae. aegypti is exquisitely adapted to exploit the domestic environment. The female, which almost exclusively bites humans (Scott et al. 1993 (Scott et al. , 2000 , most commonly feeds and rests indoors and, if there are larval development sites available inside the home, may not even leave the house to lay eggs . This extensive use of the human indoor environment poses unique challenges and opportunities for control of Ae. aegypti and prevention of DENV transmission Gubler 1997, Morrison et al. 2008 ).
Introduction to Control of Ae. aegypti and Dengue
Despite tremendous efforts by public health organizations in dengue-endemic countries, it has proven very difÞcult to achieve effective and sustainable control of Ae. aegypti and to effectively disrupt dengue outbreaks. This problem has multiple root causes, including 1) uncontrolled urbanization that provides an abundance of larval development sites, 2) global spread of dengue viruses leading to an increase in hyperendemic areas with circulation of multiple virus serotypes, 3) vector and dengue control programs not being provided adequate resources, and 4) continued use of vector control methods that are not effective (Gubler 1989 (Gubler , 1998 (Gubler , 2002 Gratz 1993; Wilder-Smith and Gubler 2008) . Potential approaches to reduce DENV transmission include reduction of mosquito vector abundance, prevention of contact between mosquito vectors and humans, genetically manipulated DENV-refractory vector mosquitoes, and vaccination (Halstead 1984 , Gubler 1988 , PAHO 1994 , Beaty 2005 , Kroeger and Nathan 2006 , WHO 2007 . Because genetically manipulated mosquitoes and vaccines are not expected to be available in the near future, we focus on currently available control strategies: reducing mosquito abundance, reducing adult mosquito life span, and preventing mosquitoÐ human contact.
Many different approaches to eliminate or reduce Ae. aegypti populations have been implemented with varying degrees of success over the last century. The efÞciency and sustainability of speciÞc approaches, including community-based control programs and vector control program-driven space spraying with chemical insecticides, were reviewed and discussed extensively in previous publications (Halstead 1984; Gubler 1988 Gubler , 1989 Gratz 1991 Gratz , 1993 Gubler and Clark 1994; Reiter and Gubler 1997; Lloyd 2003; Spiegel et al. 2005; Ooi et al. 2006; Morrison et al. 2008; Hanh et al. 2009 ). This includes recent systematic reviews that came to different conclusions regarding the value of community-based approaches. Heintze et al. (2007) found only weak evidence that community-based dengue control programs alone or in combination with other control activities can enhance the effectiveness of dengue control programs. Erlanger et al. (2008) found dengue vector control to be effective in reducing vector populations when interventions used a community-based, integrated approach tailored to local eco-epidemiological and sociocultural settings and included an educational component to increase knowledge and understanding of best practice. It is important to note that Erlanger et al. (2008) pointed out that the impact of vector control measures on the incidence of dengue was measured in only 10 studies, which provided insufÞcient data to allow for a comparison between different intervention types. In another notable recent study, Suaya et al. (2007) showed that a targeted larviciding campaign in Cambodia reduced dengue cases and was cost-effective in terms of the gross cost of the intervention relative to the projected cost of dengue cases averted. Rather than providing exhaustive reviews for speciÞc control methods and duplicating previous efforts, we provide examples from the literature to make speciÞc points in the text below.
The need for dynamic and adaptive vector and dengue control strategies was underscored by the dramatic resurgence of Ae. aegypti in the Americas that followed relaxation of the successful control campaigns of the 1950s and 1960s (Wilson and Chen 2002 , Guzman and Kouri 2003 , Gubler 2004 . Some previously successful control methods are no longer viable due to societal change and the ability of containerbreeding Ae. aegypti to exploit both indoor and outdoor domestic environments. For example, vector control programs can be effectively crippled by a combination of proliferation of backyard nondegradable trash containers in todayÕs throw-away society, inadequate community involvement in eliminating or controlling mosquito developmental sites, and lack of access to households for insecticide application.
Below, we give an overview of the basic elements of a strategy to improve vector and dengue control programs. We describe a continuous improvement (CI) cyclical model for vector and dengue control programs ( Fig. 1) to incrementally improve their level of performance and develop locally appropriate and adaptive management strategies. This CI model is a variation on the Shewhart/Deming Plan-Do-CheckAct cycle (Deming 1989) in which the four steps of our cycle have been adapted to Analyze-Design-TestImplement. Using our CI model as the speciÞc example, this type of cyclical management model focuses on an iterative process aiming to incrementally improve control program performance by regular and objective assessment of methods and technologies used and continual replacement of ineffective methods or outdated technologies by better and operationally valid alternatives. 
A Continuous Improvement Model for Vector and Dengue Control Programs
The main purpose of our CI cyclical model for vector and dengue control programs (Fig. 1) is to incrementally improve program performance by systematically identifying ineffective methods and outdated technologies, through regular monitoring and evaluation efforts, and then replacing them with better performing alternatives. The Þrst step includes critical assessment of 1) the overall resource allocation among core vector/dengue control program activities (proactive vector control, vector surveillance, virological/serological surveillance, disease surveillance, and reactive vector control); 2) the efÞcacy of currently used vector control methods; and 3) the appropriateness of technology used to support the program. We expect this will reveal that some currently used vector control methods are not effective, that resource allocations often are skewed toward reactive vector control measures, and that proactive approaches commonly are underfunded and therefore poorly executed or based on strategies poorly suited to local conditions. The next steps are to conceptualize desired changes for methods or technologies used and then, ideally, to operationally determine in pilot studies, executed by local control programs or their national or international counterparts and potentially in collaboration with academic partners, if these changes are likely to improve control program performance. This should be followed by a shift in resource allocation to replace ineffective methods and inferior technology with better, operationally tested alternatives. The cyclical and self-improving nature of the CI model will produce locally appropriate management strategies that continually are adapted to counter changes in vector population or dengue virus transmission dynamics.
Below, we explore the following topics in the context of the CI model: 1) resource allocation among Þve vector and dengue control program core activities; 2) use of locally appropriate and adaptive dengue prevention and control strategies; 3) academicÑpublic health partnerships to assess new approaches; 4) promising proactive vector control approaches; and 5) integration of vector and dengue control activities.
Resource Allocation Among Vector and Dengue Control Program Core Activities
The CI model calls for vector/dengue control programs to continually monitor the effectiveness of implemented control measures and to regularly evaluate their allocation of resources between different activities. This will guide decisions to potentially reallocate resources from demonstrably ineffective prevention and control methods to alternative ones, especially those proving more effective in pilot programs. Key beneÞts and drawbacks of Þve core activities in vector and dengue control programs are outlined below. Complete discussions of these core activities and the numerous potential methods they include (Table 1) are beyond the scope of this forum article.
In vector control, many methodologies can be implemented both proactively and as emergency responses during dengue outbreaks. As used here, the term proactive vector control refers to measures that are implemented before knowledge of elevated vector or disease risk based on surveillance results in present time. Implementation of proactive control measures can (and should) be guided in time and space by knowledge gained from retrospective entomological and epidemiological data. We use the term reactive vector control for measures that are implemented only in direct response to increased risk based on vector, virological/serological, or disease surveillance results in present time. Reactive approaches often have an element of being spatially proactive (e.g., by expanding emergency vector control activities to include a given perimeter around a dengue case location), but are not triggered before acquisition of surveillance results.
Proactive Vector Control. Vector control measures implemented before knowledge of vector, virological/ serological, or disease surveillance results in present time.
Examples:
• Source reduction campaigns.
• Use of insecticide-treated materials to protect the home from mosquitoes.
BeneÞt:
• Can reduce the potential for DENV transmission to occur, which results in reduced force of virus transmission, less explosive outbreak dynamics, and increased capacity for effective control when outbreaks do occur.
Drawbacks:
• Some approaches can be difÞcult to sustain over time, especially when they are successful and dengue cases decline to low levels.
• Development of insecticide resistance may compromise successful programs based on use of chemical insecticides.
Vector Surveillance. Surveillance for presence or abundance of Ae. aegypti or for resistance to insecticides used to control immature or adult mosquitoes.
Examples:
• Larval indices or pupal demographic survey.
• Biological, biochemical, and molecular assays to determine local levels of insecticide resistance.
BeneÞts:
• Can be used to assess entomological outcomes of speciÞc vector control interventions.
• Information on vector abundance may provide some guidance regarding the level of risk for dengue outbreaks to occur.
• Areas and/or times with elevated risk can be monitored or targeted for control. Should include a cross-section of the population to detect both symptomatic and asymptomatic infections (e.g., in sentinel communities).
• Can provide site-speciÞc information to aid in development of targeted control strategies (i.e., identiÞcation of productive container types).
• Information on insecticide resistance ensures use of appropriate/most effective insecticides.
Drawbacks:
• The relationships between measures of mosquito abundance and risk of dengue virus exposure are poorly deÞned.
• The strength of the association between vector abundance and risk of a dengue outbreak is strongly inßuenced by prevalence of serotypespeciÞc immunity to DENV in the human population. It is difÞcult to determine critical vector abundance thresholds to trigger control activities because prevalence of serotype-speciÞc immunity changes over time, will not be accurately measured if surveillance is limited to clinically apparent disease, and it is costly to routinely assess in an operational setting.
• The relationship between laboratory determined insecticide resistance and operational outcomes is poorly understood, which makes it difÞcult to determine thresholds to trigger changes in insecticide use patterns.
Virological/Serological Surveillance. Surveillance for presence or prevalence of DENV infection in vector or human populations.
• Detection of DENV in Ae. aegypti females (virus isolation, reverse transcription-polymerase chain reaction [RT-PCR] ).
• Detection of DENV in human samples (virus isolation and RT-PCR).
• Serosurvey to determine serotype-speciÞc prevalence of human exposure to DENV.
• Detection of DENV in mosquitoes (xenomonitoring) demonstrates presence of virus and active, local virus transmission.
• Information on prevalence of serotype-speciÞc immunity in the human population is critical for determining risk for a dengue outbreak before it occurs.
• Active serological surveillance, in sentinel clinics or sentinel communities, can detect ßuctuations in DENV transmission before dengue cases occur in a passive health system. This can provide early detection of dengue outbreaks.
• With current methodology, surveillance for DENV in human populations and especially in vector populations is time-consuming and costly.
• Adult Ae. aegypti are difÞcult to collect and mosquito infection rates can be low, which makes adequate sampling for mosquito-based DENV surveillance an operational challenge.
• Currently available inexpensive and rapid laboratory tests are not adequate to reliably determine prevalence of DENV serotype-speciÞc immunity, especially in areas where multiple serotypes and other ßaviviruses are or have been circulating.
Disease Surveillance. Surveillance for fevers or clinically diagnosed or laboratory conÞrmed dengue cases.
• Active fever surveillance in sentinel communities.
• Enhanced dengue surveillance in sentinel clinics or communities.
• Passive dengue surveillance through a health system.
• Clinically diagnosed dengue cases can provide rapid and timely information on increased levels of suspected dengue activity.
• Laboratory-conÞrmed dengue cases demonstrate that DENV transmission is occurring and provide information for patterns (timing, magnitude, and location) of transmission.
• DENV infections are commonly asymptomatic, which results in silent transmission that go undetected if surveillance is limited to overt disease; the extent of transmission can be underestimated.
• Clinical diagnosis of dengue can be imprecise, which may reduce the effectiveness of reactive vector control interventions.
• Long time-lags for laboratory conÞrmation of dengue cases can reduce the efÞciency of vector control response measures to disrupt dengue virus transmission.
Reactive Vector Control. Vector control measures implemented only in direct response to vector, virological/serological, or disease surveillance results in present time.
• Response to clusters of clinically diagnosed or laboratory-conÞrmed dengue cases. This can include vehicle-mounted space spraying or indoor space spraying with insecticides.
• Fallback when other approaches have failed.
• Can be effective in stopping an outbreak or at least changing its temporal pattern, especially when insecticide is delivered inside the home, i.e., the suspected primary location of human exposure to DENV-infected Ae. aegypti.
• Reducing the force of DENV transmission may spread dengue cases over a longer time period. This will improve local capacity for case management and save lives by diminishing the risk of health care facilities being overwhelmed with large numbers of patients in a short period of time for whom they are unable to provide appropriate supportive case management.
Drawbacks:
• Unless response is triggered early in the outbreak, reactive control measures may be too slow to prevent the explosive spread of DENV.
• Human and material resources must be available for rapid and comprehensive deployment.
• Effective control may require work-intensive and costly house-to-house indoor application of insecticides.
We expect critical assessment of resource allocation among these core activities to reveal that current resource allocation schemes often are skewed toward reactive vector control and that proactive control approaches are underfunded (Fig. 2) . There are several potential problems with reactive vector control approaches. First, "silent transmission" with asymptomatic infections may occur (Gubler et al. 1978 , Chen et al. 1996 , Gubler 1998 ). This makes it difÞcult for a passive dengue surveillance system to detect transmission during periods of low DENV activity, such as during the initiation of a dengue outbreak after the introduction of a novel serotype. Gubler (1988) noted that, after the introduction of a new virus strain or serotype, there is a lag-phase of a few weeks to several months before epidemic transmission begins. This is consistent with our observations from Iquitos, Peru, where ongoing prospective studies demonstrated seroconversions to novel serotypes (DENV-3 and DENV-4) before virus isolates were obtained through the passive health system (A.C.M., T. Kochel, and T.W.S., unpublished data).
Second, vector control activities are in some settings initiated only in response to laboratory conÞrmed dengue cases. Unless laboratory conÞrmation is achieved rapidly, this system will result in the response activity, using a Þre-Þghting analogy, arriving on the scene when the building already has been reduced to ashes and the Þre has moved on to another structure. Vector control programs should routinely assess their response time by determining the number of days that elapses between the onset of symptoms in a dengue patient, or the transmission event itself (the intrinsic incubation period most often is 4 Ð7 d; Siler et al. 1926 , Simmons et al. 1931 , Sabin 1952 , Nishiura and Halstead 2007 , and vector control implementation in that patientÕs home. In a recent study from Merida, Mexico, DENV-infected Ae. aegypti females were collected from the homes of dengue patients up to 27 d (range, 4 Ð27 d; median, 14 d) after the date of onset of symptoms . This underscores the importance of rapid response scenarios with prompt indoor insecticide application in homes of suspected dengue patients to prevent their homes from becoming sources for dispersal of DENV by persons visiting and being bitten by infected mosquitoes or by infected mosquitoes dispersing to nearby homes (DeBenedictis et al. 2003 .
Third, numerous studies on the spatiotemporal dynamics of dengue outbreaks have demonstrated that dengue spreads rapidly through a city (Halstead et al. 1969 , Morrison et al. 1998 , Tran et al. 2004 , Rotela et al. 2007 , Barreto et al. 2008 . Kan et al. (2008) described different types of clustering diffusion patterns for dengue cases in an urban environment in Taiwan: a contiguous pattern of dengue diffusion (more commonly known as expansion diffusion) where cases spread over short distances (Ͻ2 km) from an index case location and a relocation pattern of dengue diffusion with cases "jumping" to new, unconnected ar- Hypothetical current and desired resource allocation schemes for vector and dengue control programs. Empirical assessments are needed to determine current resource allocations in different dengue-endemic areas and discussion among local/regional, national, and international stakeholders is needed to determine desired and locally appropriate resource allocations.
eas and initiating new disease foci. The latter, and more unpredictable, pattern probably results from movements of humans rather than of DENV-infected adult mosquitoes (Halstead 1984 (Halstead , 2008 Kuno 1995; DeBenedictis et al. 2003; Scott and Morrison 2008) . Humans may become exposed to DENV-infected mosquitoes in their own homes, while visiting the homes of friends or relatives, while attending school, in the workplace, or in other places where people commonly gather (Stoddard et al. 2009 ). After becoming viremic, people then can provide infectious bloodmeals to mosquitoes during their daily pattern of activity in areas previously free of local virus transmission. As a result, DENV can "jump" beyond the perimeter for implementation of reactive control measures, which commonly is based on the ßight range of the mosquito vector rather than movement patterns of humans, and initiate new transmission foci in other parts of the community beyond the range of the control activities. This provides a powerful argument for a shift from current reactive strategies to 1) proactive control approaches based on inexpensive and readily implemented measures with potential for achieving epidemiologically meaningful coverages and 2) reactive rapid response scenarios based on knowledge of human movement patterns.
Based on the above-mentioned considerations, we propose that effective control strategies should include a strong focus on locally appropriate proactive control approaches, while still retaining logistical capacity for implementation of reactive emergency vector control measures in the event of a dengue outbreak.
Use of Locally Appropriate and Adaptive Dengue Prevention and Control Strategies
The combination of core activity methodologies used in a local vector and dengue control program should be situation-speciÞc. Numerous examples exist to support the use of locally adapted vector control strategies. Biological control using Þsh or copepods can be effective in situations where the most productive container types for Ae. aegypti are well suited for these predators (Nam et al. 2005) , but hold little promise in areas where most immature mosquitoes are found in various small trash containers that Þll with rain water or when people do not want Þsh or copepods in their drinking and cooking water. Use of chemical insecticides to kill immatures or adults needs to be accompanied by knowledge of local patterns of insecticide resistance. This was illustrated in parts of Brazil where detection of Ae. aegypti resistance to temephos (Abate) led to a switch from operational use of temephos to the biological control agent Bacillus thuringiensis israelensis (Lima et al. 2003) . Communitydriven source reduction campaigns have several desirable qualities, including being a proactive vector control method, and often are successful when compliance rates are high (Toledo Romani et al. 2007 ). However, they may fail in areas where the social climate or legislation does not promote participation.
Perhaps the most dramatic example of the importance of evaluating whether a vector control method under consideration is locally appropriate is vehiclemounted space spraying of insecticides to suppress adults. Early efforts with aerial application and ground vehicle based application of adulticides in Southeast Asia showed reasonable success in suppressing adults, probably because open housing structures allowed insecticide penetration into homes (reviewed by Gratz 1991 Gratz , 1993 . However, numerous subsequent studies have demonstrated that vehicle-mounted space spraying is not effective when closed structures provide refugia for Ae. aegypti (Hudson 1986 , Chadee 1988 , Fox and Specht 1988 , Reiter and Gubler 1997 , Castle et al. 1999 , Perich et al. 2000 . Despite these research Þndings, vehicle-mounted space spraying remains a staple vector control method in many dengueendemic countries. In our opinion this is largely due to a perceived lack of more effective alternatives.
These examples underscore the need for development of locally appropriate combinations of core activity methodologies for use in vector and dengue control programs. The selected strategies and methodologies must also be adaptable over time to account for changes in DENV transmission dynamics or in the resources available to combat dengue. The cyclical and self-improving nature of the CI model outlined in Fig. 1 will produce locally appropriate management strategies that continually are adapted to counter changes in vector population or dengue virus transmission dynamics.
Academic-Public Health Partnerships to Assess New Approaches
The CI model calls for pilot programs to evaluate entomological and epidemiological outcomes of new vector control methods before they are incorporated as routine program activities. This provides opportunities to develop mutually beneÞcial public healthacademic partnerships where public health partners provide knowledge of local mosquito biology, DENV transmission dynamics, and operational realities, and academic partners provide expertise in study design and data analysis and extramural resources for executing pilot studies. We argue for a stronger focus on partnerships where researchers and public health professionals work together to 1) conceptualize promising, locally appropriate control program strategies; 2) implement these strategies in pilot programs; and 3) determine entomological and, most importantly, epidemiological outcomes. The value of operational demonstrations of the capacity of new approaches to reduce dengue cannot be overstated. It also must be stressed that subsequent implementation of a new control program strategy needs to be accompanied by routine monitoring and evaluation to continually determine the effectiveness of the strategy to reduce dengue morbidity and mortality.
Promising Proactive Vector Control Approaches
We advocate for increased use of proactive vector control approaches. These approaches ideally should have the following characteristics, which will favor support from public health and political leadership as well as individual home-owners: 1) potential for implementation not only by vector control programs but also by individual home-owners; 2) low cost of implementation; and 3) minimal effort for long-term maintenance. This combination of characteristics sets the stage for sustainable, large-scale implementation of proactive vector control measures through simultaneously operating top-down and bottom-up mechanisms.
Large-scale implementation of proactive vector control program-driven efforts to distribute chemical insecticides in commonly used formats to reduce immature (e.g., distribution of Abate in containers) or adult populations (e.g., vehicle-based space spraying, indoor space spraying, indoor residual spraying) too often fall short on all three counts and can be impacted by rejection from community residents. Furthermore, successful implementation of such large-scale programs may lead to development of insecticide resistance in Ae. aegypti (Rawlins 1998 , Chareonviriyahpap et al. 1999 , Lima et al. 2003 , Ponlawat et al. 2005 , Montella et al. 2007 , Rodriguez et al. 2007 ) unless steps are taken to prevent this from happening; e.g., through use of rotational or mosaic insecticide schemes (Coleman and Hemingway 2007) .
Several types of community-driven environmental and/or biological source reduction meet the two Þrst criteria, and have the added beneÞt of not generating problems related to insecticide resistance. However, these methods require substantial effort by homeowners to be sustained over time. There also is the problem of not always impacting nuisance-biting mosquitoes, which may negatively impact the likelihood of home-owners sustaining intervention efforts over time. Nevertheless, the basic concept of engaging the community to remove opportunities for larval development remains fundamentally sound. Perhaps the new wave of World Health Organization-Special Programme for Research and Training in Tropical Diseases/International Development Research Centre efforts that have been labeled "eco-bio-social research on dengue" can help to develop locally appropriate, effective and sustainable community-driven environmental source reduction approaches. Another positive recent development is that Hanh et al. (2009) developed a quantitative framework for evaluation of the sustainability of community-based dengue control projects.
One promising proactive vector-targeted control method on the horizon is the use of long-lasting insecticide-treated materials to create an indoor environment free of Ae. aegypti in a "Casa Segura" approach (Nam et al. 1993 , Nguyen et al. 1996 , Lenhart et al. 2008 . This approach aims to reduce DENV transmission by preventing indoor mosquitoÐ human contact; between mosquitoes and viremic humans, and between infected mosquitoes and susceptible humans. It also can reduce population abundance of Ae. aegypti if used in areawide campaigns . Importantly, use of emerging insecticide-treated materials has potential to fulÞll all three criteria listed previously: implementation at low cost with minimal effort for long-term maintenance and clear potential for implementation by vector control programs as well as home-owners in the form of consumer vector control products. Future studies are needed to determine how use of these insecticide-treated materials impact Ae. aegypti insecticide resistance, especially for vector control program-driven large-scale implementations.
Two-pronged approaches where a single control method can be implemented by vector control personnel as well as individual home-owners present an interesting challenge in terms of evaluating efÞcacy. Assessment of how effective and sustainable the method is at the levels of individual homes, neighborhoods or the entire community requires knowledge not only of vector control program-driven implementation but also of private use by home-owners. This underscores the value of engaging personnel trained in behavioral science in vector/dengue control programs to aid in developing instruments to assess 1) the extent of private use of different vector control methods and 2) which measures should be taken by the vector/dengue control program to promote increased private use of these methods.
Integration of Vector and Dengue Control Activities
There is no question that prevention of epidemic dengue requires involvement of all segments of society, including government, business, community organizations and home owners (Gubler 1988) . Positive recent developments in this area, in addition to those mentioned previously for community-based programs, should be noted. First, the Pediatric Dengue Vaccine Initiative (http://www.pdvi.org/) and the Innovative Vector Control Consortium (http://www. ivcc.com/) have strengthened linkages to the vaccine and insecticide development industries, respectively. Second, a variety of computer-based technologies are emerging with potential for operational use in vector and dengue control programs (Ai-leen and Song 2000, Teng 2001 , Queensland Government 2005 , LozanoFuentes et al. 2008 . Use of geographical information system (GIS) and other mapping software, and of spatial and space-time modeling approaches, in operational vector and dengue control was reviewed by Eisen and Lozano-Fuentes (2009) . Furthermore, efforts are underway to develop new decision support system software packages for vector/dengue control programs and a second generation of the simulation models CIMSiM and DENSiM (Hemingway et al. 2006 . A GIS-based dengue decision support system can, together with the CI model outlined here for vector and dengue control programs, serve as a catalyst for integration of mosquito and dengue data and help to bridge the gap between vector control programs, the medical community, and local government by development of spatial databases that can support a wide range of other public health activities and city planning.
Conclusions
Our objective is to encourage the vector/dengue control community to consider the following two approaches in the context of vector control and dengue prevention: 1) reallocation of resources from reactive and demonstrably ineffective vector control strategies, especially vehicle-mounted space spraying, to more promising proactive vector control and dengue prevention strategies; and 2) use of management models, such as the continuous improvement cycle, that emphasize a) monitoring and evaluation of outcomes for speciÞc control strategies and b) adaptive modiÞcation to ensure steady improvement in control program performance and progress toward locally appropriate control strategies. To more effectively tap into emerging donor funding to combat vector-borne diseases, the dengue community would beneÞt from following in the footsteps of the malaria community by developing standardized metrics for monitoring and evaluating control program performance.
